Aim: To evaluate the cephalometric characteristics of Class III malocclusion in Caucasian Brazilian subjects. Methods: The sample comprised 71 lateral cephalograms of individuals not previously submitted to any orthodontic treatment. The Class III group (experimental group) comprised 37 patients with bilateral Class III molar relationship and ANB lower than 1 degree, with a mean age of 21.76+3.89 years (13 males and 24 females). The Class I group (control group) consisted of 34 patients with bilateral Class I molar relationship, ANB angle higher than or equal to 1° and lower than 3°, with a mean age of 21.88+3.5 years (12 males and 22 females). Dental, skeletal and soft tissue measurements were compared using the t test for independent samples. Results: The results demonstrated that the Class III individuals showed significant differences in the cephalometric characteristics, except in vertical skeletal variables. The angular variables (SNA, SNB, ANB, SND, 1.1, 1.NA, 1.NB, IMPA, NA.Pog, H.NB) and the linear variables (Pog-Nperp, Co-Gn, 1-orbit, 1-NA, 1-NB, 1-NPog, 1-ANperp, FN-Pog, H-nose, Pog-NB, E menton) demonstrated statistically significant differences between groups. Conclusions: In Class III group, subjects presented maxilla with normal size, yet retruded in relation to the anterior cranial base; protruded mandible with increased size; and concave skeletal and soft tissue profiles. The maxillary incisors were protruded and buccally tipped, and the mandibular incisors were retruded and lingually tipped. Higher prevalence of mandibular prognathism (67.6%) was observed in the Class III group.
Introduction
Despite its low prevalence, Angle Class III malocclusion is a constant concern for the orthodontist, due to its complexity 1 , high esthetic involvement [1] [2] [3] and difficult prognosis 4 . The Class III malocclusion has a strong influence from heredity 2 and specific morphological characteristics that remain constant within some ethnic groups. Some recent studies [5] [6] [7] [8] [9] has shown that genetic factors contribute to Class III development. Thus, the utilization of a pre-established standard with norms obtained in other regions, without considering the ethnic differences, has been defective and unpredictable.
Therefore, knowledge on the characteristics of this malocclusion is fundamental for the orthodontist, allowing a more accurate diagnosis 10 , appropriate treatment planning 11 , greater therapeutic efficiency and post-treatment stability 12 . The orthodontist should necessarily know the facial morphological characteristics of the different ethnic groups for full achievement of the patient's expectations and treatment goals. Also, the treatment should maintain the ethnic characteristics of each patient, since the maxillomandibular and dental relationships present wide variety within the normal range. This avoids changes in facial harmony, consequently maintaining the patient coherent with his or her phenotypic pattern.
Few studies 2, [12] [13] have investigated Class III malocclusion characteristics, especially in specific ethnic groups. Therefore, in order to provide more specific information regarding this type of malocclusion in Caucasian Brazilian individuals, this comparative cephalometric study was designed.
Material and methods
This study was approved by the Institutional Review Board of University Ceuma (São Luís, MA, Brazil), under protocol number 00211-10.
The sample comprised the initial orthodontic records of 71 Caucasian Brazilian individuals that had not been previously submitted to any orthodontic treatment. The subjects were of both genders (25 males and 46 females), with mean age of 21.58 years+3.33 (minimum 18 years and maximum 30 years), selected among 8.051 patients attended a private imaging clinic.
The inclusion criteria were: Caucasian Brazilian individuals; straight to slightly convex profile or concave facial profile; Class I or full cusp Class III molar and canine relationship; presence of all teeth up to the second molars, erupted and occluding; no supernumerary teeth; no severe or moderate facial asymmetry; no impacted teeth; absence of significant anomalies in tooth size and/or shape; and age between 18 and 30 years 2, 4, [14] [15] . The facial profile evaluation was combined with cephalometric analysis for accurate diagnosis 12 . Two experienced orthodontists evaluated all participants, individually and at different moments. The participants were only included in the sample when there was agreement between the two examiners.
The study subjects were divided into two groups, according to the facial profile, malocclusion and ANB: · Class III group (experimental): 37 individuals with concave facial profile, bilateral Angle Class III molar relationship and ANB angle lower than 1°. · Class I group (control): 34 subjects that showed straight to slightly convex profile; bilateral Angle Class I molar relationship; and ANB angle between 1° and 3°.
The characterization of groups concerning age and gender is described in Table 1 , as well as the results of the independent t test and chi-square test, confirming that the groups were paired as to age and gender, respectively.
Lateral cephalometric radiographs (X-ray tube, 10Ma, 75kV) were obtained by a single operator using the Orthophos 3 Ceph (Sirona, Bensheim, Germany). The radiographs were taken in the natural head position with posterior teeth in maximum intercuspation. The cephalograms were digitized and measured by the software Cef-X version 2.1.31 (CDT, São Paulo, Brazil). After registering all data, the cephalometric points of interest were delineated, and measurements were supplied by the software.
The magnification level of the lateral cephalograms was corrected by the software. All cephalometric tracings were performed by a single examiner and checked by another examiner.
To simplify the interpretation of data, the linear and angular variables were divided into four groups of measurements: vertical skeletal variables (NS.Gn, SN.Ocl, SN.GoMe, SN.GoGn, FMA, LAFH, anterior cranial base and posterior cranial base); skeletal cephalometric variables (SNA, SNB, ANB, SND, A-Nperp, Co-A, Pog-Nperp, Co-Gn, maxillomandibular differential); dental cephalometric variables (1.1, 1.NS, 1-Orbit, 1.NA, 1-NA, 1.NB, 1-NB, 1-NPog, IMPA, 1-ANperp, 1-Apo); skeletal and soft tissue profile (FNPog, NA.Pog, H.NB, H-nose, Pog-NB, E menton, nasolabial angle).
The SNA and SNB angles were used for evaluation of the different skeletal combinations of Angle Class III malocclusion in the Class III group, as described in Table 2 4 . For intra-examiner error evaluation, 17 lateral cephalograms were randomly selected, retraced, re-digitized and re-measured by the same examiner, after a period of 1 month. The casual error was calculated according to the Dahlberg formula (Se 2 =∑d 2 /2n) and the systematic error with a dependent t-test, at p<0.05.
Means and standard deviations for the cephalometric variables were calculated for each group. Since the data presented normal distribution, the independent t test (p<0.05) was applied for comparison of skeletal, dental and soft tissue characteristics between Class III and Class I groups.
Statistical analyses were performed with the SAS® software version 9.1.3. (SAS Institute Inc., Cary, NC, USA). Table 2 -Table 2 -Table 2 -Table 2 - Table 3 - Table 3 - Table 3 - Table 3 - Table 3 -Results of the independent t test for comparison of cephalometric characteristics between the Class III and Class I groups.
Results
No systematic errors were detected in this study. Concerning the casual error, only the 1-orbit variable presented disagreement between the first and second measurements (3.27 mm).
T h e C l a s s I I I i n d i v i d u a l s s h o w e d s i g n i f i c a n t differences in the cephalometric characteristics, except for vertical skeletal variables (Table 3 ).
In the Class III group, the patients presented retrusion of the maxilla in relation to the cranial base, but with adequate size; the mandible presented normal size and protrusion; the soft and skeletal profiles were concave. The maxillary incisors were protruded and buccally tipped and the mandibular incisors were retruded and lingually tipped in relation to the Class I group. Table 4 shows the different combinations between maxillomandibular relationships in the Class III group. There was greater prevalence of mandibular prognathism. 
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Discussion
Class III malocclusion is a disorder with morphological characteristics that are variable in different ethnic groups 2 . Knowledge of these characteristics in different groups is fundamental for a customized diagnosis and accurate treatment planning. This study was designed to achieve more specific information on the Class III malocclusion in Caucasian Brazilian individuals.
Most vertical skeletal variables in the Class III group presented values without statistically significant differences compared to the Class I group, indicating a tendency of balanced growth. The identification of mandibular prognathism and vertical growth pattern impairs the treatment prognosis. When the patient with Angle Class III malocclusion presents balanced growth, the therapeutic possibilities are considerably increased 11 . These results differ from most reports in the literature demonstrating a tendency of vertical growth for patients with Angle Class III malocclusion 12, [15] [16] . The length of anterior and posterior cranial bases did not present statistically significant differences between groups. These results also differ from previous authors, who reported reduced length of the anterior and posterior cranial bases for individuals with Class III malocclusion 15, 17 . Guyer et al. 16 observed an elongated posterior cranial base in individuals with Angle Class III malocclusion.
Similarly, the angle of cranial deflection did not present statistically significant difference between the two groups. The literature highlights that this angle is reduced in individuals with Angle Class III malocclusion, leading to a more vertical positioning of the posterior cranial base 17 . The present results indicate balanced growth of the cranial base. It should be highlighted that these results are similar to those obtained by Farias et al. 18 , who assessed the early cephalometric characteristics of Class III malocclusion in Caucasian Brazilian children and also did not observe changes in cranial base growth and angle.
This finding is clinically positive, because the orthodontist does not have therapeutic resources to act on these structures 2, 12, [19] [20] . The divergences observed for the growth pattern and cranial base between this study and the literature may be related to differences in facial morphology observed in the different ethnic groups 2 . Analysis of studies evaluating the relationship between the cranial base spatial configuration and the associated malocclusion indicates that the results are different and often contradictory 12, 15 . Concerning maxillary anteroposterior positioning (SNA), the Class III group presented statistically significant maxillary retrognathism in relation to the sagittal positioning of this bone base in the Class I group. This result corroborates the findings of Ellis and McNamara 14 , Guyer et al. 16 , Clerck et al. 19 and Moyers et al. 20 . However, the linear maxillary anteroposterior positioning (A-NPerp) was similar between groups.
Caution is required when interpreting this result, because the A-Nperp measurement is linear (in mm), and thus the difference between maxilla and mandible should be considered. The divergence between angular and linear results for maxillary positioning may be partly explained by the greater difficulty in locating reference points of the Frankfort plane, because it involves bilateral structures. Also, changes in cranial base inclination or length should be considered.
The maxillary length did not present statistically significant difference between the two groups. Similar outcomes were also reported by Ellis and McNamara Jr. 14 , Guyer et al. 16 , Farias et al. 18 , Clerck et al. 19 and Moyers et al. 20 .
Concerning the mandible, the present findings agree with the reports of several authors [13] [14] 16, [20] [21] who demonstrated that, in Angle Class III malocclusions, the mandible was protruded in relation to the cranial base and its size was increased.
The ANB angle was used as a definitive selection criteria, thus it was expected to observe statistically significant difference between groups concerning this variable.
In the Class III group the maxillary incisors were protruded and buccally tipped and the mandibular incisors were retruded and lingually tipped. This fact demonstrates the natural compensation of the inadequate maxillomandibular relationship, which is expected in individuals with this malocclusion. When the treatment planning indicates dental compensation, the orthodontist must be aware of this natural compensation to evaluate whether some movement is still possible in this direction. These results corroborate previous findings in the literature 2, [14] [15] [16] 20 . Individuals in the Class III group presented a concave soft tissue profile, with a more anterior menton position. These findings agree with the studies of Bui et al. 2 , Ellis and McNamara Jr. 14 , Guyer et al. 16 and Moyers et al. 20 . Differential diagnosis of the skeletal pattern should be considered for treatment planning. Easily, the Class III malocclusion may involve three different maxillomandibular relationships: retrognathic maxilla and well-positioned mandible; retrognathic maxilla and prognathic mandible; and well-positioned maxilla and prognathic mandible. In this study, the percentages were 18.9%, 13.5% and 67.6%, respectively. These results are close to those described by Ellis and McNamara Jr 14 . Most individuals (67.6%) presented Class III malocclusion due to anteroposterior mandibular excess. This morphology of the Angle Class III malocclusion impairs the treatment and worsens the prognosis, even in patients with growth potential. This occurs because the mandibular growth is essentially endochondral, thus being more prone to genetic determinations and less susceptible to changes promoted by orthopedic appliances. Recently, Bayram et al. 22 showed positive association between the polymorphism of the growth hormone receptor gene and the mandibular prognathism, confirming the genetic component to the development of Class III malocclusion. In individuals with Angle Class III malocclusion with evident maxillary involvement, early treatment has been more effective because the maxillary sutures are formed by intramembranous ossification, thus being more susceptible to environmental influences.
It should be emphasized the importance of establishing the treatment plan considering not only the cephalometric characteristics of the patient, but also the facial analysis.
